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ABSTRACT
Purpose: Under the study discussed in the paper, a geometric model of a car’s suspension arm 
was prepared and subsequently imported into the MSC.Adams environment dedicated to studying 
dynamics of multi-body systems and then broken down into finite elements. Modal frequencies were 
established for the said model. The superior purpose of the study was to determine the loads affecting 
an arm operating in a complete car’s suspension system for the road-induced input functions simulated 
in the Adams/Car module.
Design/methodology/approach:  Under  the  study  in  question,  a  geometric  model  of  a  car 
suspension arm was developed based on CAD software. The model was imported into the Adams/View 
environment and its body changed from rigid into a flexible one. Materials were defined and modal 
frequencies were established for the model prepared.
Findings: The study outcome is an FEM-based suspension arm model and the modal frequencies 
established. The suspension arm model in question is to be applied in further numerical experiments 
related to studying dynamics of automotive vehicle suspension systems.
Research  limitations/implications:  The  numerical  experiment  results  discussed  in  the  paper 
require that the model should be adjusted to a real element. This, in turn, requires modal analysis of the 
suspension arm and comparison of the vectors describing the forms of free vibrations.
Originality/value: The model developed will be applied as a flexible element in a complex suspension 
system of a complete car and used to determine its dynamic loads.
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1.  Introduction 
 
The  ADAMS  software  is  a  commercially  available  set  of 
applications which enables creating structural multi-body systems 
of  a  considerable  number  of  degrees  of  freedom  based  on 
elements  of  concentrated  masses,  and  it  provides  dedicated 
applications divided into industry-specific modules, e.g. railway, 
aviation or automotive industry. Using such software, models are 
built  assuming  that  the  given  system  is  composed  of  rigid  or 
deformable  (flexible)  bodies  combined  in  a  specific  manner 
(spherical, sliding, rotary joints) and moving under the impact of 
various types of forces and moments (concentrated or distributed 
forces, contact forces). It is dedicated to solving tasks related to 
system kinematics (determination of motion of individual bodies) 
and dynamics (determination of system motion with non-limiting 
constraints  of  all  degrees  of  freedom  entailing  the  masses  and 
forces affecting the system). It enables automatic generation of 
equations  of  motion  by  application  of  the  second  kind  of 
Lagrange’s method on absolute coordinates for complex systems. 
Integrating procedures applied to solve differential and algebraic 
equations  may  be  divided  into  two  groups.  The  first  one 
comprises multi-step algorithms of variable order as well as those 
of variable and constant step. The second group comprises one-
step algorithms, from among which the ADAMS software applies 
the  Runge-Kutta-Fehleberga  (RFK45)  method.  The  Adams/Car 
module  enables  building  and  simulation-based  examination  of 
individual car subsystems such as, for instance, the suspension, 
steering or driving system as well as their combinations forming a 
complete  car.  The  programme  contains  an  extensive  library  of 
structural solutions applied in cars. The geometry and relationship 
data of individual components are stored in libraries, and software 
operation  on  a  standard  user  level  can  be  brought  down  to 
defining positions of constraints in space.  
The software is compatible with various CAD programmes, 
thus  enabling  import  of  elements  created  in  other  applications. 
The structural solutions currently being prepared on the design 
stage are practically only developed in software aided processes 
in which numerical computational models are built to determine 
such physical properties as strength and deformations [1, 2, 3]. 
The  numerical  and  analytical  investigations  performed  are 
aimed at developing models that make it possible to analyse the 
operation of a structure at the preliminary design stage. Further 
development  of  numerical  methods  of  analysis  allows  for 
simulation tests of complex multi-body systems as early as at the 
design stage. And this, in turn, enables assessment of dynamic 
properties of elements such as frequency of free vibrations and 
their forms. Using numerical simulations considerably contributes 
to detecting a system’s weak links, and based on the information 
obtained, enables improving the system’s dynamic properties at 
the  design  stage.  Such  an  approach  is  characterised  by  cost-
effectiveness,  limited  time  consumption  and  the  possibility  of 
introducing  considerable  modifications  to  the  system  design. 
Moreover,  it  enables  analysing  multiple  variants  of  structural 
solutions  and  choosing  the  optimum  one  in  terms  of  dynamic 
properties and minimisation of manufacturing costs. 
One of the Adams software modules used in the studies in 
question was Flex (Fig. 1). Adams/Flex uses an assumed modes 
method  for  modelling  of  flexible  bodies.  This  method  of 
representing  flexible  bodies  is  called  modal  flexibility.  Modal 
flexibility assigns a set of mode shapes (frequently eigenvectors) 
to a flexible body. The flexible body modelling element designates 
a  system  state  variable  to  each  eigenvector  and  calculates  the 
relative amplitude of each eigenvector during a time analysis. The 
principle of linear superposition is then used to combine the mode 
shapes at each time step to reproduce the total deformation of the 
flexible body. Flexible body MSS combines the advantages of the 
FEA  and  MBS  analysis.  Finite  element  analysis  (FEA)  offers 
excellent  modelling  capabilities  for  individual  components  in 
isolation but is too inefficient for system level modelling and is 
incapable of analysing large motion. Rigid body mechanical system 
simulation (MSS) efficiently analyses large motions of complex 
systems and can be used to generate component loads for FEA [4].  
 
 
 
Fig. 1. Adams/Flex module working diagram 
 
Using ADAMS/AutoFlex with MSC.ADAMS products elimi-
nates  the  need  to  use  external  finite  element  analysis  (FEA) 
programmes. Instead, you can generate flexible bodies within the 
MSC.ADAMS  environment,  and  then  use  ADAMS/Flex  to 
analyse  the  flexible  bodies  to  obtain  over-listed  results,  which 
would otherwise have to be built in an external FEA environment 
and imported into MSC.ADAMS. 
 
 
2. Building a geometric car suspension 
arm model 
 
This paper provides an analysis of the part of the studies in 
question  which  pertained  to  one  of  the  car  suspension  system 
components,  namely  the  arm.  A  suspension  arm  is  the  element 
coupling the wheel hub (steering knuckle) with the car body. It is 
used to transfer considerable forces to the vehicle while it is starting 
to run, accelerating, braking and turning. Depending on the method 
used to mount it and to control the wheel, the suspension arm can 
be arranged in a transverse, longitudinal or oblique manner. The 
suspension arm is coupled with a frame by means of metal and 
rubber sleeves, being a solution enabling certain small shifts of the 
arm  (suspension  system  elastokinematics)  and  influencing  the 
damping of vibrations resulting from the road profile. 
Suspension arms are usually manufactured by casting iron or 
light alloys (aluminium) or by forging steel. 
The arm model examined was a McPherson type, independent 
front suspension arm from Fiat Seicento. The element’s geometric 
model was developed in the Inventor environment (Fig. 2). 
Subsequently the model was imported into the Adams/View 
environment  as  a  rigid  body.  Naturally,  this  environment  also 
enables  creating  geometry,  however,  compared  to  CAD  type 
software dedicated to creating geometry of elements, the interface 
and capabilities of the Adams/View environment are considerably 
limited. The model imported into the Adam/View environment 
has been depicted in Fig. 3. 
 
 
 
Fig.  2.  Suspension  arm  model  developed  in  the  Inventor 
environment 
 
 
 
Fig.  3.  Suspension  arm  model  imported  into  the  Adams/View 
environment 
3. Material properties assumed 
 
Material properties are very important for vehicles structure. 
There  are  many  publications  on  novel  technologies  for  clear 
materials production [7-9, 11-13]. It is important how reparation 
process  influence  on  the  properties,  for  example  after  welding 
process [10]. In the next stage, material was defined to be used for 
imaging of the suspension arm. All material types in ADAMS/View 
(Fig.  4)  are  assumed  to  be  linearly  elastic.  ADAMS/View 
automatically calculates the material’s shear modulus (G) from 
Young’s modulus (E) and Poisson’s ratio 
 
 
 
Fig. 4. Properties of materials available in the Adams software 
 
The programme also enables defining one’s own material for 
which the following parameters must be given: density, Young’s 
modulus and Poisson’s ratio (Fig. 5). 
 
 
 
Fig. 5. Defining new material in the Adams software 
 
For  the  material  envisaged  in  the  programme,  mass  and 
volume parameters are defined for the given element as well as 
the location of the centre of gravity and moments of inertia.  
ADAMS/View uses two different methods to calculate mass 
properties. ADAMS/View may use a different method to calculate 
the element’s mass properties depending on the number of sides. 
If the number of sides is larger than or equal to the default number 
of sides (usually 20), ADAMS/View calculates the mass using an 
analytical equation for the geometry volume.  
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The programme also enables defining one’s own material for 
which the following parameters must be given: density, Young’s 
modulus and Poisson’s ratio (Fig. 5). 
 
 
 
Fig. 5. Defining new material in the Adams software 
 
For  the  material  envisaged  in  the  programme,  mass  and 
volume parameters are defined for the given element as well as 
the location of the centre of gravity and moments of inertia.  
ADAMS/View uses two different methods to calculate mass 
properties. ADAMS/View may use a different method to calculate 
the element’s mass properties depending on the number of sides. 
If the number of sides is larger than or equal to the default number 
of sides (usually 20), ADAMS/View calculates the mass using an 
analytical equation for the geometry volume.  
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If the number of sides is smaller than the default, ADAMS/View 
uses a prismatic solid to calculate mass properties [5].  
Other quantities being calculated include moments of inertia 
and cross products of inertia. Mass parameters and moments of 
inertia for a suspension arm made of steel have been illustrated in 
Fig. 6, whereas those for an arm made of aluminium – in Fig. 7.  
 
 
 
Fig.  6.  Mass  parameters  and  moments  of  inertia  for  a  steel 
suspension arm   
 
 
 
Fig.  7.  Mass  parameters  and  moments  of  inertia  for  a  steel 
suspension arm   
 
 
4. Analysis of free vibrations  
 
Free vibrations of systems, also known as proper vibrations, 
are particularly important when building machines and vehicles. 
One  should  avoid  such  phenomena  as  structure  resonance,  i.e. 
overlapping of a system’s excitation frequency and free vibration 
frequency. In paper [6] it can be found some vibration research on 
vehicle elements made from different materials.  
Applying  a  load  of  vibration  frequency  equal  to  resonant 
frequency of a machine or one of its elements leads to uncontrolled 
increase of the vibration amplitude and may cause the structure to 
be destroyed. 
Using the Adams/Flex module under the studies in question, 
the suspension arm model, being a rigid body, was subjected to 
discretisation and substituted with a flexible element model (Fig. 8). 
 
 
 
Fig.  8.  Suspension  arm  model  as  a  flexible  element  in  the 
Adams/View environment 
 
 
 
Fig. 9. Eigenvectors for a steel suspension arm 
 
The next step in the study was to establish eigenvectors (free 
vibration  frequency)  for  the  flexible  suspension  arm  model 
(Figs. 9  and  10).  Establishing  all  vectors  in  a  discrete  system 
(FEM model) is very time and memory consuming. In most cases 
of engineering calculations, several to several dozen proper pairs 
having the most relevant forms matter in practical terms.  
 
 
 
Fig. 10. Form of vibrations for mode no. 7 – steel suspension arm  
 
 
 
Fig. 11. Eigenvectors for an aluminium suspension arm 
 
The procedure was repeated for the model made of aluminium, 
the results of which have been provided in Figs. 11 and 12.  
 
 
Fig. 12. Form of vibrations for mode no. 7 – aluminium suspension 
arm  
 
 
 
5. Complete car model  
 
The  foregoing  procedure  pertaining  to  having  taken  the 
suspension arm model into consideration as a flexible body is 
assumed  to  apply  the  said  model  in  a  complex  suspension 
system  of  a  complete  car  created  in  the  Adams/Car 
environment. The car  model to  be  used in future  studies has 
been depicted in Fig. 13. 
 
 
 
 
Fig. 13. Complete car model 
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6. Conclusions 
 
The  study  results  discussed  are  related  to  a  numerical 
experiment.  The  model  in  question  requires  experimental 
verification  for  the  modal  frequencies  established  (fine-tuning, 
e.g. by changing physical properties). 
After the tuning, the discrete model of a car suspension arm 
will be used as a flexible element of a complex car suspension 
system (MBS). The complete car model prepared enables exami-
nations in the Adams/Car environment while defining any chosen 
input functions (e.g. those caused by the road profile). One can 
additionally conduct strength related tests in the Adams/Durability 
module  (visualisation  of  stresses,  positioning  of  hot  spots). 
In conclusion, the results discussed in this paper are only applic-
able to a small part of works related to the studies of dynamics of 
automotive vehicle suspension systems using the Adams software.  
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